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Time of year does not influence mortality for
vascular operations at academic centers
Damien J. LaPar, MD,a,b Castigliano M. Bhamidipati, DO,a,b Gilbert R. Upchurch Jr, MD,b
John A. Kern, MD,a,b Irving L. Kron, MD,a,b Kenneth J. Cherry, MD,b and
Gorav Ailawadi, MD,a Charlottesville, Va
Objective: Studies in general surgery have suggested worse outcomes due to the presence of new trainees. We hypothesized
that outcomes for vascular operations would be equal regardless of teaching hospital status or academic quarter within the
United States.
Methods: From 2003 to 2007, 264,374 vascular operations were evaluated using the Nationwide Inpatient Sample
database. Patients were stratified according to Non-Teaching (non-Teaching Hospital [NTH], n  137,406), Teaching
(Teaching Hospital [TH], n  126,968), and Teaching with Vascular Surgery Training Program (VSH, n  28,730)
hospital status. Multivariate analyses were used to examine the effect of academic quarter (AQ) on mortality.
Results:Unadjustedmortality was higher at TH comparedwithNTH (2.5% vs 2.0%;P< .001). Aortic and peripheral vascular
operations were more common at TH, while carotid endarterectomy (P< .001) was more frequent at NTH (P< .001). After
risk adjustment, the odds of deathwere significantly (P< .001) increased for aortic andperipheral vascular operations butwere
similar at bothTH (1.11 [0.98-1.25];P .10) andVSH (1.16 [0.98-1.37];P .08) comparedwithNTH. Importantly, AQ
was not associated with increased risk of mortality at either TH (AQ1 odds ratios [OR] 0.95 [080-1.13], AQ2OR 1.08
[0.91-1.28], AQ3 OR 1.13 [0.96-1.34], AQ4 Reference; P .19) or VSH (AQ1 OR 1.02 [0.81-1.29], AQ2 OR
0.99 [0.79-1.25], AQ3 OR  1.02 [0.81-1.28], AQ4  Reference; P  .99).
Conclusions:Mortality is not significantly influenced by operative time of year following vascular operations at academic
centers. TH perform more high-risk operations compared with NTH with similar risk adjusted mortality. ( J Vasc Surg
2011;54:546-53.)
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significant transitions in patient care at the beginning of each
academic year with the arrival of new interns, residents, fel-
lows, and other medical personnel. The term “July phenom-
enon or effect” at academic medical centers is often used to
refer to the influence of new trainees and inexperienced med-
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546cal staff on patient outcomes.The presence of this influence at
raining institutions has been the focus of significant investi-
ation.1-4 According to the Institute of Medicine, as well as
ther studies, inexperienced health practitioners are often
argeted as a primary source of increased medical errors and
ompromised patient outcomes.5-7 Moreover, recent evi-
ence suggests an increase in fatal medical errors during the
eginning of the academic year.8
Patient outcomes following surgical operations represent
he manifestation of both operative and postoperative events.
n addition, the influence of new surgical trainees may also
mpact various surgical populations differently. Although
tudies have suggested compromised patient outcomes
mong general surgical populations,9 the effect of new train-
es may be mitigated by a higher level of resident supervision
nd experience within surgical subspecialties.
The objectives of this study were to examine the effect
f academic season on postoperative outcomes and re-
ource utilization among vascular surgery patients and to
ssess differences in outcomes between teaching and non-
eaching hospitals. We utilized a national administrative
atabase to examine the impact of operative time of year
ithin a large, vascular surgery patient population and
ested the null hypothesis that outcomes following vascular
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Volume 54, Number 2 LaPar et al 547operations within the United States would not be affected
by teaching hospital status or academic quarter.
METHODS
Data source. Due to the absence of patient identifiers
and the fact that the data are collected for purposes other
than research, the University of Virginia Institutional Re-
view Board did not perform a formal review of this study, as
the contents did not meet the regulatory definition of
human subjects research. This study utilized data obtained
from the Nationwide Inpatient Sample (NIS) database for
the years 2003 through 2007. The NIS database is the
largest, publicly available all-payer, inpatient care database
in the US, representing an approximate 20% stratified ran-
dom sample of all US hospital discharges. NIS includes
those hospitals designated as “community hospitals” (“all
non-Federal, short-term, general, and other speciality hos-
pitals, excluding hospital units of institutions”) within the
American Hospital Association (AHA) Annual Survey. Data
include inpatient hospital discharge records collected for pa-
tients of all ages and sources of insurance. A specific discharge
weight is assigned for each discharge record, representing the
respective relative proportion of the total US inpatient hospi-
tal population represented by each record.
Patients. International Classification of Diseases-
Ninth Revision, Clinical Modifications (ICD-9-CM) pro-
cedure and diagnostic codes were used to identify all pa-
tients in the NIS data sets undergoing one of five major
vascular operations: carotid endarterectomy (ICD-9-CM
codes 3812), open abdominal aortic aneurysm (AAA) repair
(ICD-9-CM codes 3844), endovascular AAA repair (ICD-
9-CM codes 3971), aortoiliac bypass (ICD-9-CM codes
3925), and peripheral vascular bypass (ICD-9-CM codes
3929). Patients were primarily stratified by teaching and non-
teaching hospital status. Academic quarters were defined as
follows: Academic Quarter 1 (AQ1: July-September), Aca-
demic Quarter 2 (AQ2: October-December), Academic
Quarter 3 (AQ3: January-March), and Academic Quarter 4
(AQ4: April-June). The presence of comorbid disease was
assessed for each patient using the different Agency for
Healthcare Research and Quality (AHRQ) comorbidity cate-
gories developed by Elixhauser et al.10 The inclusion of all
Elixhauser categories during data analysis has been demon-
strated to provide effective adjustments for mortality risk, and
this approach has been shown to be superior to the use of
other comorbidity indexes, including the Charlson/Deyo
method.11
Hospitals. Hospital-related details were obtained
through a combination of data available in the NIS data-
base, as well as from the Association of American Medical
College’s (AAMC) Graduate Medical Education Tracking
System. Teaching hospital (TH) status and non-teaching
hospital (NTH) status were defined by criteria in the NIS
data set as any hospital with the presence of any Accredita-
tion Council for Graduate Medical Education (ACGME)
resident training program regardless of speciality. Vascular
surgery teaching hospitals (VTH) were identified through
linking of AHA identification numbers within the NIS data eet with the AAMC’s Graduate Medical Education Track-
ng System. Hospital operative volume was categorized
nto quartiles based on frequency of vascular operations
Low [25th percentile], Medium [26th-49th percen-
iles], High [50th-74th percentiles], and Very High
75th percentile]). Remaining hospital variables reflect
efinitions utilized within the NIS database.
Outcomes measured. All measured outcomes were
stablished a priori before data collection and analysis. The
rimary outcomes of interest in this study were in-hospital
ortality and complications. Secondary outcomes were
ospital length of stay and total costs. In-hospital compli-
ations were categorized according to the ICD-9-
M-based coding scheme developed by Guller and
olleagues,12 including wound, infections, urinary,
ulmonary, gastrointestinal, cardiovascular, systemic, and
rocedure-related complications. Death occurring during
he inpatient stay was identified from the patients’ dis-
harge status. Length of stay and total costs were deter-
ined from discharge records.
Statistical analysis. The associations between patient
isk factors, hospital features, normally distributed contin-
ous variables, and unadjusted outcomes were assessed
sing analysis of variance (ANOVA), while the Mann-
hitney U test was used for non-normally distributed
utcomes. Pearson 2 or Fisher exact tests were utilized for
ll categorical variable comparisons as appropriate. All
roup comparisons were unpaired.
Separate multivariable logistic regression models were
tilized to estimate confounder-adjusted measures of asso-
iation for each outcome of interest among patients under-
oing vascular surgery operations. All model covariates
patient age, gender, elective operative status, hospital geo-
raphic region, vascular surgery teaching hospital status,
ype of operation [carotid endarterectomy, open AAA
epair/replacement, endovascular AAA repair, aortoiliac
ypass, and peripheral vascular bypass], operative year,
perative volume, academic quarter, and Elixhauser cate-
ories of comorbid disease) were selected a priori based
pon established clinical risk or were considered potential
onfounders for the effect of academic quarter on surgical
ortality. All covariates contributing cases to each esti-
ated outcomewere retained in the final models, including
ll non-significant variables. All logistic regression models
ncluded appropriate adjustments for variance components
stimated from the weighted study population. The Wald
2 test was used to assess statistical significance of the
ssociation between academic quarter and in-hospital mor-
ality. Area under the receiver operating characteristics
urve (AUC) was used to assess the discrimination achieved
y logistic regression models. Model calibration across
eciles of observed and predicted risk was assessed using the
osmer-Lemeshow test.
Sensitivity analysis was performed for predictive mod-
ls. For each model, sensitivity was assessed to evaluate the
ossibility that the estimated effect of academic quarter on
utcomes could be a spurious result, reflecting the influ-
nce of a closely related but unmeasured confounder. Each
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August 2011548 LaPar et almodel was re-estimated after removing the most statisti-
cally significant covariate as measured by the Wald statistic.
With this approach, the potential for spurious results is
reduced if the originally observed effect is not substantially
attenuated and remains statistically significant after re-
estimation.13 After removing the most significant covariate
from each logistic regression model, the effect of academic
quarter on the estimated odds of patient death was not
significantly attenuated (10%), validating the sensitivity
of each original model.
Within-group percentages are used to express the fre-
quency of each categorical variable. Normally, distributed
continuous variables (age) are reported as means  stan-
dard deviation while the median (interquartile range
[IQR]) is reported for all non-normally distributed data
(hospital length of stay and total costs). Confounder ad-
justed odds ratios (OR) with a 95% confidence interval (CI)
are used to report the results of logistic regression models.
Reported P values are two-tailed and reflect adjustment
using the Sidak correction for multiple comparisons. Statis-
tical significance was identified by P values .05. Data
manipulation and analysis were performed using SPSS soft-
ware, version 17 (SPSS, Chicago, Ill).
RESULTS
Patient and hospital characteristics. During the
6-year study period, a total of 264,374 discharge records for
patients undergoing vascular surgery operations, representing
a weighted estimate of 1,284,801 patients nationwide, were
identified. Frequencies of all patient and hospital-related
characteristics stratified by hospital type are listed in Table I.
Overall, NTH performed slightly more vascular operations
compared with TH (52.0% vs 48.0%; P  .001) while
10.7% of all vascular procedures were performed at vascular
surgery teaching hospitals. Elective operations were slightly
more frequent among NTH (75.5% vs 72.9%, P  .001).
Performance of carotid endarterectomy was more common
at NTH, while open and endovascular AAA repair, aor-
toiliac bypass, and peripheral vascular bypasses were more
common at TH. Mean patient age was clinically compara-
ble between study groups, and male gender was most
common despite hospital teaching status. Patient comor-
bidities and risk factors were not affected by teaching
hospital status. The overall frequency of major cardiovas-
cular and pulmonary disease states included: congestive
heart failure (6.0%), chronic pulmonary disease (25.6%),
hypertension (71.3%), peripheral vascular disorders
(27.8%), pulmonary circulatory disease (0.5%), and valve
disease (4.3%). Performance of vascular surgery operations
was similar among mean income groups, and the distribu-
tion of operations was similar among AQ and operative year
regardless of hospital status. The large majority of vascular
operations occurred in an urban setting for all patient
groups and within large hospital bed size hospitals. The
Southern geographic region performed the highest propor-
tion of procedures (South [41.9%], Northeast [18.6%],
Midwest [23.1%], West [16.3%]; P  .001). Vascular op-
erations were more commonly performed at very high- 3olume (75th percentile operative volume) centers (Very
igh Volume [71.6%], Low [1.2%],Medium [7.2%], High
20.1%]; P  .001).
Unadjusted associations with postoperative outcomes.
he unadjusted incidence of postoperative outcomes at
TH versus TH appears in Table II. Overall, complications
ere more common at TH: infectious (1.2%), genitouri-
ary (1.4%), pulmonary (4.5%), gastrointestinal (1.3%),
nd procedure related (2.5%). Median hospital length of
tay was 3.0 (IQR: 1.0 to 6.0) days for NTH and 3.0 (IQR:
.0 to 8.0) days for TH, while median total costs were
26,925 (IQR: $15,497-$50,933) and $32,226 (IQR:
17,432-$61,369), respectively. Unadjusted mortality was
ower at NTH compared with TH (2.0% vs 2.5%, P 
001).
When stratified by major vascular operations (Table
II), NTH were associated with incrementally lower over-
ll, pulmonary, and cardiovascular complications for all
perations.Mortality following carotid endarterectomy did
ot differ based on hospital type, while the incidence of
eath was statistically higher at either teaching or vascular
urgery hospitals for all aortic and peripheral vascular oper-
tions compared to non-teaching hospitals.
Unadjusted comparisons of academic quarters.
he unadjusted frequency of selected patient risk factors,
perative characteristics, and incidence of postoperative
utcomes are detailed in Table IV. As expected, incremen-
al differences were observed for patient age, female gen-
er, and performance of non-elective operations across
cademic quarters. Carotid endarterectomy was the most
ommonly performed operation in each academic quarter,
ollowed by peripheral vascular bypass procedures. Unad-
usted mortality (2.1%; P  .05) was lowest during AQ1,
hile few differences were observed in overall, pulmonary,
nd cardiovascular complication rates between academic
uarters. Hospital length of stay was not affected by aca-
emic quarters, while AQ2 incurred the highest total costs
mong all academic quarters.
Adjusted associations for postoperative outcomes.
fter adjustment for the confounding effects of patient risk
actors, hospital volume and location, and operations per-
ormed, neither teaching hospitals (1.11 [IQR: 0.98-1.25];
 .10) nor vascular surgery teaching hospitals (1.16
IQR: 0.98-1.37]; P .08) were associated with increased
isk-adjustedmortality compared withNTH. Furthermore,
Q was not an independent predictor of in-hospital mor-
ality (P .09). In addition, upon testing of the interaction
etween hospital type and academic quarter, the associa-
ion between academic quarter and patient mortality did
ot depend on hospital type: TH vs NTH (P  .19) and
eaching with Vascular Surgery Training Program Hospi-
al (VSH) vs NTH (P  .99). Further, as expected, the
dds of in-hospital death were significantly increased for
pen (OR  12.4 [IQR: 11.2-13.78]; P  .001) and
ndovascular (OR  7.86 [IQR: 6.95-8.89]; P  .001)
AA repairs, aortoiliac bypass (OR  2.92 [IQR: 2.55-
.34]; P  .001), and peripheral vascular bypass (OR 
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Volume 54, Number 2 LaPar et al 549Table I. Preoperative and operative characteristics for all patients undergoing vascular operations at non-teaching versus
teaching hospitals
Variable Non-teaching hospital Teaching hospital P value
Number of cases (unweighted) 137,406 126,968 .001
National estimate of cases (weighted) 658,460 626,341 .001
Age (years)a 70.3  0.1 69.4  0.1 .001
Female 39.1% 36.7% .001
Elective operation 75.5% 72.9% .001
Operation
Carotid endarterectomy 53.9% 43.7% .001
Open AAA repair/replacement 6.2% 8.5% .001
Endovascular AAA repair 5.7% 6.3% .001
Aortoiliac bypass 7.0% 11.6% .001
Peripheral vascular bypass 27.2% 29.9% .001
Agency for Healthcare Research and Quality comorbidities
AIDS 0.0% 0.1% .001
Alcohol abuse 1.7% 2.1% .001
Deficiency anemia 8.6% 8.1% .001
Arthritis/collagen vascular disorder 1.6% 1.7% .001
Chronic blood loss anemia 1.1% 0.9% .001
Congestive heart failure 6.2% 5.8% .001
Chronic pulmonary disease 26.8% 24.3% .001
Coagulopathy 2.7% 3.2% .001
Depression 3.7% 4.2% .001
Diabetes mellitus (uncomplicated) 23.5% 22.7% .001
Diabetes mellitus (complicated) 5.1% 5.8% .001
Drug abuse 0.3% 0.5% .001
Hypertension 71.4% 71.4% .89
Hypothyroidism 7.5% 7.4% .25
Liver disease 0.7% 0.7% .001
Lymphoma 0.3% 0.3% .001
Fluid and electrolyte disorder 9.1% 9.9% .001
Metastatic cancer 0.3% 0.4% .001
Neurological disorder (not cerebrovascular accident) 1.6% 1.9% .001
Obesity 4.7% 4.5% .001
Paralysis 0.8% 0.9% .001
Peripheral vascular disease 27.2% 28.5% .001
Psychoses 0.8% 0.9% .001
Pulmonary circulation disorder 0.5% 0.5% .18
Renal failure 7.1% 8.4% .001
Solid tumor (without metastasis) 1.1% 1.4% .001
Peptic ulcer disease (nonbleeding) 0.0% 0.0% .27
Valvular disease 4.5% 4.0% .001
Weight loss 1.2% 1.6% .001
Median household income national quartile for patient zip code
I: $1-$24,999 26.4% 24.6% .001
II: $25,000-$34,999 29.1% 26.5% .001
III: $35,000-$44,999 25.2% 25.7% .001
IV: $45,000 19.3% 23.2% .001
Academic quarter
I: July-September 24.8% 24.9% .001
II: October-December 23.7% 23.8%
III: January-March 26.1% 25.8%
IV: April-June 25.4% 25.5%
Operative year
2003 22.4% 22.1% .001
2004 19.4% 21.2%
2005 20.5% 17.8%
2006 19.4% 19.8%
2007 18.2% 19.1%
Rural location 11.9% 3.4% .001
Hospital bed size
Small 6.7% 10.1% .001
Medium 19.6% 25.0% .001
Large 73.7% 64.9% .001
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August 2011550 LaPar et al2.63 [IQR: 2.38-2.91]; P  .001) operations compared
with carotid endarterectomy.
Additional multivariable logistic regression models for
confounder adjusted mortality and morbidity were used to
test the interaction between type of vascular operation and
type of hospital (Table V). After adjustment, the effect of
hospital type and type of vascular operation were found not to
depend upon each other with respect to mortality. Similarly,
few statistical interactions were revealed between the effects of
hospital type and type of vascular operation for the composite
outcome of any postoperative complication.
DISCUSSION
The present study is a comprehensive review of con-
temporary outcomes for vascular surgery operations at
teaching and non-teaching institutions. Moreover, these
findings are the first to examine the effect of time of year of
vascular surgery operations at US academic medical cen-
ters. These results demonstrate that teaching hospital status
has no effect on outcomes after accounting for confound-
ing differences in patient risk factors and operations. Aca-
demic quarter and time of year of operation did not inde-
pendently influence patient mortality following vascular
Table I. Continued
Variable
Hospital region
Northeast
Midwest
South
West
Hospital operative volume quartile
I: Low (0%-25%)
II: Medium (26%-50%)
III: High (50%-75%)
IV: Very high (75%)
AAA, Abdominal aortic aneurysm.
aMean  standard deviation.
Table II. Unadjusted incidence of postoperative outcome
teaching versus teaching hospitals
Outcome
Non-teaching ho
(n  137,40
Stroke 0.6%
Mechanical wound complications 2.3%
Infectious complications 0.7%
Genitourinary complications 0.9%
Pulmonary complications 3.4%
Gastrointestinal complications 1.1%
Cardiovascular complications 2.2%
Systemic complications 0.9%
Complications during procedure 1.9%
Hospital length of stay (days)a 3.0 [1.0-6.0]
Total costs ($)a 26,925 [15,497-5
In-hospital mortality 2.0%
aMedian [interquartile range].surgical procedures, reflecting the absence of a new-trainee Mnfluence on patient outcomes. Moreover, this study dem-
nstrates the performance of more complex, higher risk
perations at teaching hospitals. Despite these differences,
atients undergoing vascular operations at TH accrued
nly slightly longer hospital lengths of stay compared with
atients undergoing operations at NTH.
The influence of time of year of operation has been
ostulated as a potential explanation for variations in pa-
ient outcomes following both medical and surgical hospi-
alizations at academic centers. This effect has been inves-
igated within various patient populations with mixed
esults.1-4,9 In a large, multi-institutional cohort study of
0,254 patients undergoing various surgical operations as
ollected in the American College of Surgeons-National
urgical Quality Improvement Program (NSQIP), En-
lesbe and colleagues demonstrated an impressive 41%
ncrease in the risk of mortality for operations performed
uring July and August.9 Similarly, Rich and colleagues
emonstrated a similar pattern of outcomes among patients
ith non-surgical diseases.3 However, several other studies
ave failed to demonstrate such an effect on surgical out-
omes,2-4 including cardiac surgery operations performed
t teaching hospitals.1 In another study of over 300,000
Non-teaching hospital Teaching hospital P value
12.7% 26.3% .001
19.0% 29.4% .001
48.0% 32.7% .001
20.2% 11.6% .001
1.9% 0.4% .001
11.2% 3.2%
25.4% 14.8%
61.5% 81.6%
all patients undergoing vascular operations at non-
l Teaching hospital
(n  126,968) P value
0.7% .01
3.1% .001
1.2% .001
1.4% .001
4.5% .001
1.3% .001
3.2% .001
0.9% .67
2.5% .001
3.0 [1.0-8.0] .001
3] 32,226 [17,432-61,369] .001
2.5% .001s for
spita
6)
0,93edicare beneficiaries, the authors concluded that the
(
a
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.05 N
AQ1,
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Volume 54, Number 2 LaPar et al 551beginning of the academic year was a safe time to undergo
major surgical operations, including coronary artery bypass
grafting, elective abdominal aortic aneurysm repair, carotid
endarterectomy, pancreatectomy, esophagectomy, colec-
tomy, and hip repair following fracture.2 Similarly, Bakeen
and colleagues documented similar risk-adjusted outcomes
for over 70,000 Veterans Affairs patients undergoing car-
Table III. Relationship between type of surgery and outc
vascular surgery, and non-teaching hospitals
Outcome
Carotid
endarterectomy
(n  129,015)
Open AA
repair
(n  19,43
Mortality
TH 0.6% 11.7%
VSH 0.7% 12.6%a
NTH 0.5% 11.8%
Any complication
TH 8.3% 38.9%
VSH 9.9% 41.9%
NTH 7.0%b 35.4%b
Pulmonary complication
TH 1.8% 19.9%
VSH 1.8% 20.7%
NTH 1.4%b 19.6%b
Cardiovascular complication
TH 2.2% 8.9%
VSH 2.9% 11.6%
NTH 1.8%b 6.5%b
AAA, Abdominal aortic aneurysm; NTH, non-teaching hospitals; TH, teac
Pairwise group comparisons: aP  .05 VSH vs TH and VSH vs NTH, bP 
Table IV. Unadjusted association between academic quar
postoperative outcomes
Outcome
AQ1 (July-September)
n  65,697
AQ2 (Oc
n 
Age (years) 69.7  0. 02a 69.
Female 38.1% 3
Elective operation 24.7%b 2
Operation
Carotid endarterectomy 49.2%d,e 4
Open AAA
repair/replacement
7.4%a
Endovascular AAA
repair 9.6%b 1
Aortoiliac bypass 6.8%a
Peripheral vascular
bypass 29.0%a,d 2
Postoperative outcomes
mortality 2.1%b
Any complication 13.0%a 1
Pulmonary
complications 3.8%
Cardiovascular
complications 2.7%
Length of stay (days)f 3.0 [1.0-7.0] 3.0 [1
Total cost ($)f 27,999 [15,815-54,336]e 28,955 [1
AAA, Abdominal aortic aneurysm.
Pairwise group comparisons: aP  .05 vs AQ4, bP  .05 vs all, cP  .05 vsdiac operations during early (July 1-August 31) and late tSeptember 1-June 31) academic periods.1 These results
re in agreement with those of the present study.
The findings of the present study extend the examina-
ion of resident work experience and the investigation of
cademic season to reflect contemporary trends at academic
edical centers spanning current 80-hour work week re-
trictions for surgical trainees. In our analyses, we con-
for patients undergoing vascular operations at teaching,
Endovascular
AAA repair
(n  15,862)
Aortoiliac bypass
(n  24,587)
Peripheral vascular
bypass
(n  75,478)
5.0% 1.9% 2.5%
5.9% 2.3%a 3.0%
4.7%b 1.9% 2.1%b
28.5% 12.5% 14.7%
30.7% 13.6% 20.0%
25.8%b 10.6%b 10.8%b
12.1% 3.2% 2.9%
9.8% 3.1% 3.9%
6.2%b 3.1% 2.1%b
5.0% 2.6% 3.0%
6.4% 3.4% 5.0%
4.1%b 1.8%b 1.8%b
ospitals; VSH, vascular surgery hospitals.
TH vs TH and NTH vs VSH.
nd select patient risk factors, operative features, and
December)
789
AQ3 (January-March)
n  68,605
AQ4 (April-June)
n  67,283
.05 69.8  0.04a 69.8  0.02
38.1% 38.3%
c,d 26.4%b 25.6%c,d
c 47.7%a,c 48.9%d
a 7.6%a 7.2%b
b 8.4%b 9.1%b
d 7.1%c 6.5%c,d
a,d 31.1%b 30.1%b
c 2.3%c 2.2%c
d 13.2%a,e 12.8%c,d
3.8% 3.8%
d 2.9%e 2.8%
] 3.0 [1.0-7.0] 3.0 [1.0-7.0]
4-56,203]b 28,625 [15,789-54,875] 27,843 [15,675-54,228]
dP  .05 vs AQ3, eP  .05 vs AQ2. fMedian [interquartile range].omes
A
2)
hing hter a
tober-
62,
8  0
7.8%
5.5%
8.4%
7.5%
0.3%
6.7%
9.1%
2.4%
2.6%
3.9%
2.7%
.0-7.0
6,70rolled for comorbidities and other confounders through
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August 2011552 LaPar et althe inclusion of over 45 patient-, hospital-, and operation-
related factors, including vascular surgery teaching hospital
status, in each of our predictive models. Importantly, the
combined influence of academic quarter and hospital status
was assessed through the inclusion of an interaction term
between these two variables in each statistical model. Even
after these adjustments, performance of operations during a
given academic quarter at both teaching and vascular sur-
gery hospitals was not associated with increased patient
mortality. In addition, the present results revealed differ-
ences in resource utilization between those undergoing
operations at TH versus NTH, demonstrating slightly lon-
ger median hospital lengths of stay and higher median total
costs for those undergoing operations at TH. These find-
ings are not surprising given the performance of more
complex operations at academic medical centers.
Discrepancies in types of operations performed at TH
and NTH may explain the differences observed. Patients
undergoing operations at TH more frequently underwent
complex and higher risk operations, including open and
endovascular AAA repairs and aortoiliac bypass operations.
In the Dutch Randomized Endovascular Aneurysm Man-
agement trial, 30-day mortality rates for endovascular an-
eurysm repair (EVAR) were 1.2%, while those for open
aneurysm repair (OAR) were 4.6%.14 A second trial from
the United Kingdom demonstrated similar early perioper-
ative mortality rates for both EVAR (1.7%) and OAR
(4.7%).15 In our study, we observed similar trends, docu-
menting a 12-fold increase in the odds of death for patients
Table V. Adjusted odds ratios for the effect of operation t
vascular surgery hospitals related to each outcome of intere
Outcome
Carotid
endarterectomy
(Ref) Open AAA repair Endov
Mortality
TH 1.0 0.92 [0.75-1.08] 0.
VSH 1.0 0.96 [0.71-1.30] 1.
NTH (ref) 1.0 1.0
Any complication
TH 1.0 1.01 [0.94-1.09] 0.
VSH 1.0 0.99 [0.88-1.10] 1.
NTH (ref) 1.0 1.0
Pulmonary
complication
TH 1.0 0.86 [0.77-0.97]c 0.
VSH 1.0 0.98 [0.81-1.19] 0.
NTH (ref) 1.0 1.0
Cardiovascular
complication
TH 1.0 1.20 [1.04-1.37]e 1.
VSH 1.0 1.23 [1.02-1.49]b 1.
NTH (ref) 1.0 1.0
AAA, Abdominal aortic aneurysm; NTH, non-teaching hospitals; TH, teac
Reported P values: aP  .001, bP  .03, cP  .02, dP  .04, eP  .01.
Results reported as risk adjusted odds ratios (95% confidence interval). M
operative status, AHRQ comorbid disease categories, median household
teaching hospital status, vascular surgery teaching hospital status. Referenceundergoing OAR, a 7.9-fold increase in the odds of death sor those undergoing EVAR, and 3.9-fold increased risk of
eath for those undergoing aortoiliac bypass operations
ompared with carotid endarterectomy. Alternatively, non-
eaching hospitals more frequently performed carotid end-
rterectomies. As carotid endarterectomy is a commonly
erformed operation with low perioperative mortality rates
f approximately 0.5%,16 the higher frequency of these
perations at non-teaching hospitals was postulated to
xplain the lower mortality on univariate analysis at these
nstitutions. However, after risk adjustment, these discrep-
ncies did not translate into higher adjusted mortality at
ither teaching or vascular surgery hospitals upon testing
he interaction between major vascular operation type and
ospital type. In fact, we observed no significant differences
n the adjusted odds of mortality when testing this impor-
ant interaction. Similarly, a slightly higher incidence of
on-elective (urgent/emergent) operations at academic
enters may have contributed to higher rates of postopera-
ive cardiopulmonary and procedure-related complications
nd increased mortality. However, following risk adjust-
ent, the contribution of these differences on outcomes
as small.
This study has important clinical relevance as it provides
nationally representative and broadly generalizable sam-
ling of an increasingly reported epidemiologic phenome-
on to surgical outcomes literature. The existing medical
nd surgical literature is mixed regarding the true influence
f seasonality at academic institutions. Our results also
rovide important insight into surgical subspecialty care. As
ersus carotid endarterectomy within either teaching or
ar AAA repair Aortoiliac bypass Peripheral vascular bypass
.74-1.14] 0.85 [0.66-1.09] 1.02 [0.85-1.23]
.71-1.46] 1.01 [0.71-1.43] 0.94 [0.69-1.27]
1.0 1.0 1.0
.90-1.07] 0.99 [0.91-1.08] 1.19 [1.12-1.26]a
.96-1.26] 1.15 [1.02-1.29]b 0.73 [0.67-0.81]a
1.0 1.0 1.0
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1.0 1.0 1.0
.88-1.25] 1.19 [0.97-1.47] 1.34 [1.18-1.52]a
.82-1.37] 1.09 [0.87-1.37] 1.65 [1.39-1.96]a
1.0 1.0 1.0
ospitals; VSH, vascular surgery hospitals.
ovariates include patient age, gender, vascular surgery operation, elective
e quartile, hospital operative volume, hospital region, academic quarter,
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Volume 54, Number 2 LaPar et al 553postoperative management, we believe that the lack of
differences in patient outcomes at the beginning of an
academic year may have several potential explanations.
First, these findings may represent the result of a higher
level of supervision from more senior surgical trainees and
attending surgeons. Next, the presence of more midlevel
providers often present on subspecialty surgical services can
maintain consistent postoperative care during the period of
new trainees. Finally, much of the postoperative care is
protocolized to avoid variation in postoperative care. Con-
sequently, we believe our data dispel the notion that patient
outcomes differ at teaching institutions during the early
academic season.
Despite these interesting results, this study has several
limitations and potential considerations that warrant fur-
ther discussion. First, inherent selection bias must be con-
sidered due to its retrospective design; however, the strict
methodology and randomization of the NIS database likely
reduces this bias. Second, the potential for unrecognized
miscoding of diagnostic, procedure, and complication
codes must be considered. The NIS database designates
hospitals as TH if there is any ACGME-accredited resi-
dency program, regardless of speciality, and these designa-
tions serve as a potential source of confounding. Addition-
ally, true perioperative mortality and morbidity rates may
be underestimated as they may have occurred following the
patient’s discharge. In our analyses, we categorized the
operative time of year into academic quarters as opposed to
analyzing the data by individual operative months. While
this approach has been reported in similar series, it may
dilute reported outcomes that may otherwise be observed
within individual operative month. Nevertheless, we be-
lieve that such stratification appropriately captures and
reports variations in patient outcomes that exist through-
out the academic year. The potential for a mortality bias in
the hospital length of stay analysis should be considered.
However because the mortality rates are rather small in
both study groups, and fairly similar, such a bias would
likely not be large. The deidentified nature of this admin-
istrative database limits us to only comment on in-hospital,
short-term outcomes. In addition, we are unable to include
adjustments for other well-established surgical risk factors,
such as low preoperative albumin levels or poor nutrition
status, as they are not captured in the NIS databases.
However, upon sensitivity analyses, our statistical models
proved resilient to the presence of a potentially unmeasured
confounder.
CONCLUSION
In this study, risk-adjusted mortality is not affected by
teaching hospital status, and mortality is not significantly
influenced by operative time of year for patients undergoing
vascular procedures at academic centers. Moreover, TH per-
form a higher percentage of more complex, high-risk vascular
operations compared with NTH. Performance of vascular
operations during the early academic year is not found to be
associated with worse outcomes than the rest of the year. SWe would like to thank George J. Stukenborg, PhD, of
he University of Virginia Department of Public Health Sci-
nces for his statistical guidance and collaboration in this
tudy.
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